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1. Introduction 


Abstract 

Cannabis sativa is a herb with a rich diversity of active ingredients with various 
pharmacological properties ranging from psychoactive, sedative, analgesic, anti¬ 
inflammatory and antimicrobial activities. This study was undertaken to evaluate 
the efficacy of leaf extracts of Cannabis sativa on inhibiting thegrowth of Lancefield 
Group A Streptococcus sp responsible for streptococcal pharyngitis also known as 
"strep throat". The active ingredients of Cannabis sativa were extracted using 
water and methanol in a soxhlet apparatus and measured using standard 
protocols. 10 Group A Streptococcus spp. were isolated from clinical cases of 
streptococcal pharyngitis. The susceptibility of these isolates to the methanolic 
extract of Cannabis sativa was evaluated using the Kiby-Bauer agar-well diffusion 
assay techniqueand tubedilution method.Theantimicrobial inhibitory properties 
of the extracts were compared to three common antibiotics used in the treatment 
of strep throat (penicillin, amoxicillin and chloramphenicol). Results obtained 
shows the presence of bioactive compounds including; alkaloids, flavonoids, 
cardiac glycosides, phenols, terpenes, resins and steroids. These phytochemicals 
exerted antimicrobial activity against Streptococcus sp, resulting in zones of 
inhibitions between 18.80-22.80 mm against the test organisms, comparable to 
the zones obtained from commercially available /7-lactam antibiotics. Extracts of 
cannabis out-performed chloramphenicol in the inhibition of the test organism, 
producing larger zones. Tube dilution assays of the extracts gave a Minimum 
Inhibitory Concentration (MIC) of 20 mg/ml and Minimum Bactericidal 
Concentration (M BC) of 30 mg/ ml, all comparable to the commercial antibiotics. 
Results of this study have highlighted the potential of cannabis extracts to control 
Lancefield Group A Streptococcus sp which are causative agents of pharyngitis. 

Keywords: Cannabis, Antimicrobial activity, Strep throat, Streptococcus, Lancefield Group A. 
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Pharyngitis/ tonsillitis is an inflammation of the posterior pharynx and tonsils, caused by a variety of 
microorganisms mainly viruses and bacteria (Anjosetal., 2014). Streptococcus pyogenes, a Lancefield Group A 
//-hemolytic streptococci isoneof the most implicated aetiological agent in this disease condition (Ralph and 


* Corresponding author: Christian Kosisochukwu Anumudu, Department of M icrobiology, Federal University Otuoke, Bayelsa State, Nigeria. 
E-mail: anumuduck@fuotuoke.edu.ng 

2663-2187/ © 2020 African Journal of Biological Sciences. All rights reserved. 











Anumudu et al. / Afr.J.Bio.Sc. 2(2) (2020) 9-15 


Page 10 of 15 


Carapetis, 2013). Pharyngitis is characterized mainly by sorethroat and fever with most cases of pharyngitis 
resolving without any medical treatment/ intervention. H owever, in few cases, theinfection can becomeinvasive, 
resulting in complications including rheumatic fever (RF), autoimmune post-streptococcal sequelae and 
glomerulonephritis (Ralph and Carapetis, 2013; and Wessels, 2011) which can have moredebiIitating effects. 
Because of the possibility of a benign streptococci infection to progress to more i nvasi veforms as highlighted 
above, pharyngitis i nfections caused by drug-resistant strai ns of Streptococcus sp. are i important from thepubl ic 
health point of view as these can cause other ailments that may not be easily treated using conventional 
antibiotics. Presently, there is an increaseintheoccurrenceof multi-drug resistant Streptococcus sp. in clinical 
cases, thus underpinning the need for close monitoring and the introduction of alternativeapproaches for the 
treatment and management of pharyngitis cases (Chen et al., 2011). 

M any of the medicinal attri butes of plants aredetermined by thebioactivecomponentsof their phytochemistry 
(Gill, 1988) which have both antimicrobial, anti-inflammatory and allied properties. Thus, some medicinal 
plantsareapplied in the treatment of diseaseconditions, with about 25% of modern medicine being composed 
of one or more extracts of plants and/ or their synthetic analogues (De Silva, 2005). Furthermore, medicinal 
plants have been known to enhance the effects of antibiotics, giving a synergistic effect which is higher than 
the inhibition of microorganisms recorded upon the useof antibiotics alone(Chakraborty etal., 2018). Cannabis 
sativa colloquially as'lndian hemp' isoneof the most recognizable and widespread plants on earth and has 
been cultivated for itsdiverseusesincluding as a source of oils, fiber, medicine, food and as a psychoactive 
substance (Nagy et al.,. 2019). It is a source of new biomaterials and biofuels (Bonini et al., 2018). It is a 
herbaceous annual plant cultivated worldwide. It isoriginally nativeto Central Asia and has found use si nee 
an dent times for both recreational, food, medical and spiritual purposes ( 3 iluzza etal,, 2013). Cannabis has a 
variety of bioactivecompoundsthat makeup its phytochemistry including; alkaloids, flavonoids,cannabinoids 
and terpenoids (Andreet al., 2016). These bioactivecompoundsareresponsiblefor its attri butes. The plant is 
used in the treatment of sleep disorders especially in individuals with chronic pain or post-traumatic stress 
disorder (Babson et al., 2017), in the treatment of gut diseases, such as gastrointestinal pain, gastroenteritis, 
and diarrhoea (Couch et al., 2018) amongst others. 

A part from the useof extracts of cannabis i n the treatment of disease conditions, they have been shown to 
exert an antimicrobial activity, inhibiting the growth and proliferation of various microbial species. A study by 
Chakraborty et al. (2018) on the antimicrobial activity of Cannabis sativa against M ethiciIIin-resistant 
Staphylococcus aureus (MRSA) showed that extracts of the pi ant wereableto inhibit MRSA which is notorious 
as being difficulttotreatdueto its multi-drug resistant nature. Thisshowed the potential of the pi ant extract to 
beemployed inthecontrol of infections by multi-drug resistant strains of pathogens as demonstrated inour 
previous study on the anti microbial activity of extracts of tobacco leaf (N icotianatabacum)and its ground snuff 
against Streptococcus pyogenes and Candida albicans (Anumudu et al, 2019). Numerous other studies have 
highlighted the activity of thecannabis extracts on various pathogens including Bacillus subtil is, Escherichia 
coli and Pseudomonas aeruginosa (A I i etal., 2012). Literatureon theefficacy of the plant extract againstLancefield 
Group A /J-hemolytic Streptococcus sp. is limited. Thus, this study is undertaken to assay the ability of the 
extracts to inhibitthese organisms and comparetheir activity to commercially avail able antibiotics employed 
in the treatment of pharyngitis/ tonsillitis. 

2. M aterials and methods 

2.1. Source of test organism 

Isolates of Streptococcus pyogenes wereobtained from stock cultures isolated from clinical patients in the I mo 
State University Owerri teaching hospital diagnosed with strep throat using sterile swabs. Swabs obtained 
werecultured on trypticasesoy agar supplemented with 5%sheep blood and incubated for 24 h at 37 °C. After 
overnight incubation, resulting colonies were subcultured to obtain pure cultures. Thesewere utilized for 
further biochemical screening including bacitracin susceptibility testing and Lancefield grouping for the 
definitiveidentification of Lancefield Group A Streptococcus sp. 

2.2.1 dentification of isolates 

For confirmation of bacteria samples, beta haemolytic colonies on trypticasesoy agar supplemented with 5% 
sheep blood which resultsinthelysesofthesheep blood inthe agar and the cl earing of the blood surrounding 
the colonies wereselected. These were subjected to Gram staining and catalase test using hydrogen peroxide 
for presumptive identification of Streptococcus. 

Bacitracin sensitivity test was undertaken on M uller-H inton agar. Isolates were inoculated heavily over the 
surface of the agar plate. 0.04 units of bacitracin disks (M erck, Germany) were placed on the plates and 
incubated overnight at 37 °C according to standard procedure(Zige and Anumudu, 2019). After overnight 
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incubation, resulting zones of inhibition were measured using calibrated callipers. Zones of inhibition >10 
mmwereconsidered as sensitive. 

TheLancefield agglutination assay wasundertaken usingtheSTREP test kit (Plasmatec, UK)followingthe 
protocol stipulated by the manufacturers. A positive Lancefield test is indicated by avisibleagglutinationof 
latex particle and this gives confirmatory identification of Streptococcus pyogenes. 

2.3. Preparation of leaf extracts 

Fresh leaves of Cannabissativa werecollected fromthelmo State U niversity research botanicgarden in Owerri, 
Nigeria. Identification of theplant was made by thePlant Science and Biotechnology Department of the I mo 
State U niversity using a leaf samplewhich was collected together with stem and seeds, dried and pressed onto 
a herbarium sheet. 

After collection, the leaves were washed with distilled water, blotted dry and placed in a drying oven 
mai ntai ned at 60 °C w i th ci rcu I ati ng ai r for 48 h. The d ri ed I eaves w ere crushed usi ng a I aboratory homogen i zer. 
lOOg of the crushed leaveswas transferred to a soxhlet apparatus and 500 ml of methanol was used to extract 
the active components at 80 °C. After soxhlet extraction, the solvent was removed using a rotary vacuum 
extractor. The obtained residuesweredissolved with Dimethyl sulfoxideaccording to the method of Anumudu 
et al. (2019) and filtered using Whatman syringedriven filter with poresize0.2gm. Obtained extracts were 
stored in the refrigerator until needed for assay. 

2.4. Phytochemical characterization of extracts 

The phytochemical components of Cannabissativa were evaluated by determination of the presence of bioactive 
compoundsincluding alkaloids,flavonoids, glycosides, phenol, tannins, resins,terpenesand steroidsusing 
standard phytochemical procedures asdescri bed by the association of official analytical chemistswith some 
modifications (Ateset al., 2003). 

2.5. Antimicrobial assay 

Antimicrobial activity of the leaveextracts of Cannabissativa was evaluated by the agar diffusion assay (Kirby- 
Bauer method) using M ueller H inton Agar (M H A). Firstly, the concentration of the test organism (Streptococcus 
pyogenes) in broth culture was adjusted to the MacFarlands standard by diluting with normal saline and 
measuring absorbance at 600 nm using a U V/ Visspectrophotometer. After standardization of theorganism, 
100 pi inoculum was introduced and uniformly spread onto the agar pi ate using a sterile bent glass rod and 
allowed to dry. A 6 mm well capableof retaining 60 pi was mad eon the agar plateusingasterilecork borer. 
Using a calibrated pipette, 50pl of the extract was introduced into the wells. Plates were incubated for 36 hat 
37 °C. After incubation, bacteria sensitivity to the extract was evaluated by measuring resulting zones of 
inhibition around eachwell using a calibrated ruler. All analysis was carried out in triplicates. 

The performance of the methanol extracts of C an n abi s sati va was compared to the i nhi bi ti on of Streptococcu s 
sp. by two common antibiotics in the /J-lactam family (Penicillin G and Amoxicillin) and a phenicol 
(chloramphenicol) usually administered in the treatment of strep throat. This was done using commercial 
antibioticsdiscsonMHA inoculated with thetest organisms. All plates were incubated for 36h at 37 °C. After 
incubation, resulting zones of inhibition were measured using a calibrated ruler. 

2.6. Determination of minimum inhibitory and bactericidal concentration 

The Minimum Inhibitory Concentration (M 1C) of theextract was evaluated bythetubedilution method. lOOpI 
of the inoculum adjusted to the MacFarlands standard was inoculated onto individual test tubes containing 
9ml of pre-sterilized nutrient broth. To each of the tubes, 1ml of a reducing concentration gradient of the 
extract is added. This was mixed uniformly, the initial absorbance at time zero was taken. All tubes were 
incubated overnight. After overnight incubation, change in absorbance/ development of turbidity was 
determined by visual examination and the use of a spectrophotometer. The MIC was taken as the lowest 
concentration of extract added to a tube which showed no change in turbidity/ cloudiness thus indicating 
inhibition of growth. 

An inoculum was taken from clear tubes without turbidity and transferred to fresh agar plate using an 
inoculating loop. The inoculated agar plate was incubated overnight at 37 °C. the plate with the lowest 
concentration of extract which showed no growth/ colony formation isconsidered theM inimum Bactericidal 
Concentrati on (M BC), th us i nd i cati ng compl ete cel I death. 
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2.7. Result analysis 

All experiments were carried out in triplicates. Mean values and standard deviation were obtained for the 
diameter of inhibition zones, and geometric mean Ml Cswerecalculated.Theresults were expressed as mean 
val ues ±SD or as geometri c means. 

3. Results and discussion 

3.1. Test organisms 

The methanol extracts of the I eaves and seeds of Can nabissativa werescreened for their anti bacterial activity 
againstGroup A Streptococcus sp isolated from clinical patients diagnosed with strep throat. The test organisms 
wereGram-positivecocci in chains or pairs, beta haemolytic and catalase-negative. U pon subjection to bacitracin 
assay, the organism was highly sensitiveand gavea positiveLancefield agglutination assay result, confirming 
its identity asa Group A Streptococcus sp. A total of lOGroupA Streptococcus sp. wereobtained and used for this 
study. 

3.2. Phytochemical characteristics 

Phytochemical analysis of the bioactive components of Cannabis shows the presence of these compounds 
which may beresponsiblefor the anti microbial activity of theextracts and may similarly beresponsiblefor the 
aroma, addictiveand hallucinogenic nature of the plant. The phytochemical components are presented in 
Tablel. 


Table 1: Phytochemical analysis of methanolic extracts of Cannabis sativa 

Phytochemical 

Color 

Presence 

Alkaloids 

Orange 

+ 

Saponins 

- 

- 

Flavonoids 

Light yellow 

+ 

Tannins 

- 

- 

Cardiac glycosides 

Reddish brown 

+ 

Phenols 

Bluish black 

+ 

Terpenes 

Reddish brown 

+ 

Resins 

Violet 

+ 

Steroids 

Brown 

+ 

Note: + positive: and - negative. 


The results shown above indicate that Can nabissativa isrich in phytochemicalswhich conferson it unique 
attributes. The results obtained inthisstudy is in tandem with thefindings of Chakrabortyetal. (2018) in their 
investigation of the antimicrobial activity of Cannabis sativa against M RSA. The phytochemical profile of 
Can nabissativa showsthatthe plant can beasourceof non-psychoactivebioactivecannabinoids, sesquiterpenes 
and flavonoid glycosides which have important pharmaceutical applications. Previous research (Nagyet al., 
2019) has reveal ed that the pi ant contai ns more than 84 vol ati I e components of w i th the hi ghest proporti on 
being sesquiterpene hydrocarbons (57.1-62.8%) followed by cannabinoids (11.0-29.3%) and oxygenated 
sesquiterpenes (7.8-14.8%). These essential oi Is have been shown to have potent anti microbial activity (Barrero 
et al., 2005) and may be responsible for the inhibition of growth of the test organisms recorded inthisstudy. 

3.3. Anti microbial susceptibility 

10 isolates of Group A Streptococcus sp. were isolated from clinical patients. Thesewereused to evaluate the 
antimicrobial activity of the cannabis extracts and compare them to commercial antibiotics. Table 2. below 
shows the prod uced zones of i nhi biti on (mm) and suscepti bility of the d ifferent i sol ates usi ng the w el I i n agar 
and disk d iffusion assay of the K i rby-Bauer method. 
















Anumudu et al. / Afr.J.Bio.Sc. 2(2) (2020) 9-15 


Pagel3 of 15 


Table 2: Zones of inhibition of Cannabis extracts and antibiotics against Streptococcus sp. 

Isolates 

M ean values ± SD (mm) 

Chloramphenicol (30 /ug) 

Penicillin G (10 //g) 

Amoxicillin (20 /ug) 

Cannabis extract (30 mg) 

1 

18.30 ±2.2 

23.32 ±2.3 

22.76 ±2.9 

19.40 ± 1.6 

2 

18.32 ±3.2 

22.42 ± 2.8 

19.88 ± 2.6 

19.18 ±2.2 

3 

18.18 ±2.2 

21.88 ± 1.4 

19.40 ± 2.6 

18.80 ± 3.0 

4 

17.32 ± 1.8 

18.30 ± 1.6 

18.80 ± 1.2 

19.20 ± 1.6 

5 

20.22 ± 1.9 

20.24 ±2.0 

20.20 ±2.8 

22.80 ± 1.8 

6 

19.48 ± 2.5 

20.44 ± 1.2 

18.80 ± 1.6 

19. 84 ± 2.6 

7 

22.10 ± 1.0 

24.18 ±2.8 

21.98 ± 2.4 

22.40 ± 1.6 

8 

20.30 ± 1.8 

24.24 ±3.2 

21.66 ± 2.8 

21.22 ± 1.2 

9 

18.00 ± 1.2 

20.00 ± 2.0 

18.74 ± 1.4 

19.64 ± 1.9 

10 

18.08 ± 2.4 

21.56 ± 1.8 

19. 44 ± 2.2 

20.00 ± 2.0 


The results presented aboveshow that all isolatesweresusceptibleto the three antibiotics and Cannabis 
extracts in the assay. The methanol ic extracts of cannabis exerted pronounced antibacterial activity and were 
effectivein inhibitingthegrowthof all isolates (18.80-22.80 mm), with the highest zoneof inhibition recorded 
agai nst isol ate 5 (22.80 ±1.8), outperformi ng al I anti bi otics tested. The result obtai ned corresponds w ith the 
findings of AN et al. (2012) and Novak et al. (2001)whoshowedthatextractsofCannabissativa have comparable 
antimicrobial activity due to the presence of sesquiterpenes or cannabinoids. The results obtained in this 
study showsthat methanol extract of cannabis was ableto inhibit thetest organisms significantly morethan 
the anti bi oti c chi orampheni col w hi ch has been reported to be I osi ng its effi cacy i n the control of some pathogens 
(Das and Patra, 2017). The/3-lactam antibiotics (Penicillin G and Amoxicillin) showed the greatest activity 
against the test organisms, recording the highest zones of inhibition. This result is in agreement with the 
findings of Camara et al. (2013) who studied the antibiotic susceptibility pattern of Streptococcus pyogenes 
isolated from respiratory tract infections in Dakar, Senegal. The results obtai ned fromthisstudy isencou raging 
to note that commercial antibiotics currently in useto combat strep throat. However, the mid-l a/el susceptibility 
of the isolates to chloramphenicol indicates that although thedrug can effectively be used in the combat of the 
pathogens, there is a high risk for theda/elopment of drug resistance. Thiscan lead to infections of strep throat 
by multidrug-resistant pathogens which isof global concern becauseof the difficultiesinthetreatment of such 
infections(Raloff, 1998). 

3.4. Measurement of M inimum Inhibitory and Bactericidal Concentration (MIC and M BC) 

Tubedilution assay to measurethe inhibitory effect of reducing concentrations of theCannabissativa extract as 
presented inTable3. below shows that 20 mg/ ml of the extract was able to inhibit the growth/ multiplication 
of the pathogen w ith no change i n the turbid ity of theculture med i a i nd i cati ng that bacteri al growth d i d not 
occur. H owa/er, this concentration of the extract was not ableto completely kill the organism as upon subculture 
onto fresh solid media without the anti microbial extract, growth was recorded by inoculums transferred from 
tu bes contai ni ng I ower concentrati ons of the extracts. The compl ete ki 11 i ng of the bacteri al cel I s w as achi eved 
by a higher concentration (30mg/ ml) in which no growth occurred upon subculture, indicating a bactericidal 
effect. 

The accurate and timely identification and treatment of Lancefield Group A Streptococci (GAS) is of 
paramount importance because of the possibility of a relatively mild skin or throat infection to progress 
rapidly to a life-threatening invasivecondition (Langlois and A ndreae, 2011; and Lynskeyetal., 2011) which 
can be complicated by resistanceto commonly utilized anti bi otics. The M BC of methanol extracts of Cannabis 
sativa in this study was recorded as 30 mg/ ml. This concentration is comparable to that of the antibiotics 
currently i n use commerci al ly, i ndi cati ng the potential of extracts of the bi oacti ve i ngred ients of cannabis to be 
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Table 3: The minimum inhibitory and bactericidal concentration of extracts 


Concentration (mg/ml) 

Turbidity produced (MIC) 

Growth on subculture (MBC) 

Methanol extract 

30 

Clear 

No growth 

25 

Clear 

Growth 

20 

Clear 

Growth 

15 

Turbid (+) 

- 

10 

Turbid (++) 

- 


MIC = 20 mg/ ml 

M BC = 30 mg/ ml 


used as an antimicrobial agent. This is evident by the practices of traditional healers who underpin many 
treatments of numerous human ailments with infusions of cannabis extracts (Begum and Nath, 2000). 


It is important to unravel alternate approachesfor elimination of pathogens from thehuman body becauseof 
the i ncreasi ng resi stance of mi croorgani sms to commerci al I y avai I abl e anti bi oti cs. Thus, natu ral phytochemi cal s 
from pi ants have shown potential as alternative antimicrobials, with theplants serving asacommonsourceof 
medication either in its natural state or intheform of traditional preparation or as commercialized drugs after the 
extraction of the active components (Asati dt al., 2017). Lancefield Group A Streptococcus areimportant pathogens 
not only with regards to the causation of debilitating skin, oral and systemic infections in healthy and immune- 
compromised individuals, but they have also been shown to be increasingly resistant to conventional antibiotics 
avai I abl efor use. Thi s ri se i n anti bi oti cs resi stance may be attri buted to the w rang prescri pti on of anti bi oti cs i n al I 
cases of pharyngitis without a laboratory diagnosis of Streptococcus sp. even in cases of pharyngitis caused by 
viruses. It is reported that acute pharyngitis isoneof the most misdiagnosed ailments that leadstotheinappropri ate 
useof antibiotics in cl ini cal practice(Nakhoul and Hickner, 2013). Thus, to prevent thespread of resistanceand 
encourage rapid elimination of the pathogen, a combi nation therapy approach can be employed to control the 
organisms using normal anti bioticsinconjuncti on with plant extracts such as those of cannabis which has been 
shown to be effective against Streptococcus sp. or by the use of purified bioactive components of the herb as 
practised by alternative medical practitioners. 

4. Conclusion 

In conclusion, this research has shown thepresenceof bioactivecompounds in Cannabis sativa which maybe 
responsi blefor the anti microbi al activity. M ethanol i c extracts of the I eaves and seed of cannabis is effective i n 
the inhibition and death of Lancefield Group A Streptococcus sp. responsi blefor streptococcal pharyngitis 
(strep throat). The extracts compared favorabl y w ith commerci al ly avai I abl e / 3 -\actam anti biotics (Penicil li n G 
and Amoxicillin) and performed better than thephenicol chloramphenicol, giving a greater zone of inhibition. 
It is established thattheMIC of cannabis is 20 mg/ ml whiletheMBC is 30 mg/ ml. These dosages are low 
enough to be administered without manifestation of the psychoactive attributes of the herb which has been the 
I imitation in its ad ministration. Further studies need to beundertaken to individually test theproperties of the 
phytochemicals and possibly work towards the formulation of medications using these extracts either for 
topical, oral or systemic use. 
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